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[57] 



ABSTRACT 



In a plunger pump system of a quick pressure-rise type 
which is utilized for increasing the pressure of a work- 
ing fluid to be supplied quickly to a hydraulic actuator, 
such as an oil hydraulic cylinder, both a high pressure 
plunger pump and a quick-charging pump are con- 
nected interlockingly to one prime mover so as to be 
driven synchronously. During a low pressure range of 
operation, a large amount of working fluid delivered 
from a quick-charging plunger chamber is adapted to be 
supplied to the hydraulic actuator through a high pres- 
sure plunger chamber. On the other hand, during a high 
pressure range of operation, a small amount of high 
pressure working fluid is adapted to be delivered from 
the high pressure plunger chamber to the hydraulic 
actuator. Under this high pressure delivery condition of 
a small amount of working fluid, the working fluid ts 
adapted to be controlled by a check valve so as to pass 
through the quick-charging plunger chamber in the 
regular direction from the suction side to the delivery 
side thereof. 

4 Claims, 4 Drawing Sheets 
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1 sure plunger pump 52 delivers the working fluid under 

pt iiNf-™ PUMP OF OUICK PRESSURE-RISE a high pressure to the oil hydraulic cylinder 95. As the 

PLUNGER PUMP "t^"^ rluw ^ delivery of the working fluid from 

the plunger pump 51 becomes less, and the delivery 
BACKGROUND OF THE INVENTION 5 pressure is increased powerfully under a reduced load 

BACKU at the high pressure range B from the quick-charging 

1. Field of the Invention interruption predetermined pressure Pi to the cramping 

The present invention relates to a plunger pump ofa ^SSdpLne P 2 . 

quick pressure-rise type utilized for increasing the pres- P™ ^. p & risi time a shortened by 

Le of working nmd quickly when the workms juid is A*^™™. ™ Eed for shortening to the quick 
supplied under pressure to a ta*J^J*£* . Z^SSL at the low pressure range A. 

hydraulic cylinder, which is adapted to be actuated by pr ^ r ^ wn m mG s> th ; above-mentioned basic 

means of fluid pressure. ^ quick-charging pressure 73 con- 

Si^S?^ " '"' ! '"' ** " " "'^ IKSSi'!**-^ «-*-' " ,,h 

however there is a disadvantage associated with 20 the above-mentioned prior art. 
such prior art, art devices, i.e., it takes a long time to (i) An air removing means is required &w™™8 
increase the pressure of working fluid to a predeter- air from the high pressure plunger chamber 58, because 
mined value because the load for the plunger purnmp the air mixed with the working fluid as well as intruded 
increases progressively as the pressure of working fluid through a sealing part such as a seal packing 60 is apt te- 
nses thereto remain within the high pressure plunger chamber 58 
As for a plunger pump which aims to eliminate such during the non-operation of the plunger pump 51 and to 
a disadvantage, the one shown in FIG. 5 is of a known adversely affect the high pressure plunger pump 52, for 
type. This known prior plunger pump, by the inventor example so that it takes a long time to increase the dehv- 
of the present invention, has the following basic con- ery pre ssure or becomes impossible to do that, 
struction. A high pressure plunger 52a for a high pres- 30 ^ ^ ^ removmg m eans is required in order to 
sure plunger pump 52 and a quick-charging plunger 53a solye such a pro blem, the construction of the plunger 
for a quick-charging plunger pump 53 are connected pump 51 ^ complicated by such an added means and, 
interlockingly to one prime mover 54 so as to be driven ^ ^ operat ion thereof gets laborious, 
synchronously. There there is provided an unloader ^ ^ ^ removing means is required for removmg 
valve 79 in a quick-charging interruption drain passage 35 ^ from ^ qu i c k^harging plunger chamber 57. 

78 communicated to a quick-charging plunger chamber s ^ ^ ^^der valve 79 is kept opened during the 
57; A pilot passage 80 for operating the unloader valve operation for a sma ll amount of fluid delivery as a high 

79 is connected to a high pressure delivery passage 74 of pr ^ ure delivery, the quick-charging plunger chamber 
a high pressure chamber 58. Until the pressure in the ^ fa lied the wor kin g fluid also through the 
high pressure delivery passage 74 is increased to a pre- 40 quick ^ harging interruption drain passage 78. As the 
determined pressure for a quick-charging interruption ^ becomes difficult for the working fluid within 
after the the plungers 52a 53a are driven synctaonoualy au i c k^harKing plunger chamber 57 to be displaced, 
by the prime mover 54, the unloader valve 79 is kept * * remaim n g amount of air increases gradually, 
closed and a large amount of working fluid is adapted to AcC0 rdingly, the air removing means is required for 
be supplied under a low pressure from both the quick- « ^ tfae pressure from being obstructed by the 
charging plunger chamber 57 and the °igh pressure ^ at ^ ch successive starting. However, the 
plunger chamber 58 to an actuator chamber 96. WUen rem0 vin« means causes the same troubles as ones 
me pressure in the high pressure delivery passage 74 is J« SKn of (1). 

increased to the predetermined pressure, the unloader me are apt to be sucked into the quick- 

valve 79 is opened and the quick-charging plunger 50 W £ £ S» chambe r57. 

chamber 57 is unloaded so that a small amount of wor£ C ^ S /£fperation of a small amount of flow and 
ing fluid is supplied under a r^h pre^ure only from the ^Jj^ the working fluid within the 

high pressure plunger chamber 58 thereto. reservoir 98 is sucked into the quick-charging plunger 

The plunger pump havmg such a baste ^tmction re**vo* £ ts qu ick-charging interruption 

functions, for example as shown in FIG. 4, wlule the 55 C ^^^^^ T with any foreign bodies that 
pressure in the actuator chamber % is mcr^tam g ™ J ^ ^ fordgn ^ 

the cramping primary stage pressure ^ l <> ^crampmg may surfaces of the quick^harg- 

predetennined pressure P 2 under the condign tfc* the ™ JJ^SmS the high pressure plunger 52a and 
extension of a cramping oil hydraulic cylinder 95 ^J^" ^ slide wh ich may cause 

toward its cramp side is completed. w , Mkaecs thereon as well as increase sliding 

At the low pressure range A, from the primary pres- pressure leakages tnereon as 
sure P 0 to the quick-charging interruption predeter- resistance. 

mined pressure Pi, the working fluid in the actuator SUMMARY OF THE INVENTION 

chamber 96 is pre-pressurtod 3^J*^J^ 65 i t is an object of the present invention to enable the 

omLston of tlir removing means which functions to 

P P ;^ ** r ove * from a high pressure plunger in a 

unloader valve 79 functions so that only the high pres- plunger pump 
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^an^objectofJp^ntinv^ontoe^ J^^J^^S^SS 

the omission of an air removing means which functions un ^ r charaber is removed automata 

to remove the air from a quick-charging plunger cham- quick nuid circulated in the regular 
berin a plunger pump. . ,„ to 5 direction from the suction side to the delivery side 

It is still another object of the present »v»«««-» gSwithfa. it is possible to omit an air removing means 

prevent foreign bodies from being sucked into a quick- Jf^J^Sging plunger chamber as well as to 

charging plunger chamber of a plunger pump. ^ and labor for operating the same. 

In order to accomplish the above-mentioned objects, Fo m|jed ^ ^ workmg nuid can 

the present invention is directed to improving me v ' n £ d from entering into a quick-charging 

above-mentioned basic construction of a plW* . * chamber through a quick-charging interruption 

In a plunger pump according to claim 4 (as hereby Therefore, the slide surfaces for plungers 

amended), there is provided a plunger pump system of ^ £ m m to prevent the leakage of 

a quick pressurized type that includes a high pressure pressurized flllid as well as to permit an increase is slid- 

plunger pump with a high pressure plunger, a quick resist ance. 

charging plunger pump with a quick charging plunger, ^ fore . Md other object8 ^ attendant advan- 
both of the plungers being connected interlockingly o rf ^ present mvent ion will be readily appreo- 
a single prime mover to be driven synchronously ^ u4eHBe becomes better understood by refer- 
thereby, and an unloaded valve provided in a quick- gnce tQ the fo u ow ing detailed description when consd- 
charging interruption drain passage, that is connected ^ ^ ^ ^ accompan ymg drawings, drawings, 
to a quick-charging plunger changer of ^.J***"** - DESCRIPTION OF THE DRAWINGS 
ine Plunger pump. A pilot passage is provided to faciu- BRIEF DESCRlrt iuw up inc. 
tate control of the unloader valve and is connected to a mQS j througb 3 show a preferred embodiment of 
hiah pressure delivery passage from the high pressure me present invention. 

olunger chamber of the high pressure plunger pump. $ HG j is a who i e syst<an diagram showing an opera- 
The unloader valve is kept closed while a substantial tiomU 00^0,, 0 f a plunger pump of a quick pressure- 
amount of fluid is delivered under a low pressure from rise type; . 
ST quick-charging plunger chamber and a nigh piG. 2 is a vertical sectional view showing a plunger 
pressure plunger chamber, until the pressure in the high of me qu ick pressure-nse type; 
nressure deUvery passage increases to a predetermined 3{J nG . 3 is a sectional view on line III— III ia ™ J> 
ru^kTrSJ interruption pressure with both of the FIG .4i S agra P hicalre P re S entaUon,asa P «fornance 
SmS toea synchronously by the prime diagram showing the relation between the delivery 
Sr the loaded valve being kept open and the q^tity and me ddivery pressure generally a^ned by 
orick charing Sanger chamber being unloaded when J plunger pump of the quick pressure-rise type; and 
r«Xtaff£*ta pressure delivery passage in- 35 Wi • 5 is a whole system diagram showing « opera- 
crmeT^ stid predetlmmed quick-charging interrup- ^0*1 condition of a prior art plunger pump in corre- 
tion pressure, so that a small amount of working fluid is spondence with FIG. 1. 
delivered under a high pressure only from the high DESCRIPTION OF THE PREFERRED 
pressure plunger chamber. A quick-charging delivery EMBODIMENT 

cto^ffitaterruption drain passage and an unload pas- combined with each other. A ^ P»"" 
STthe uXaer valve Tthkt the working fluid and a quick-charging plunger 3a are cormected inter 
Sses tnrouS. X quick<harging plunger chamber 50 lockingly to one pnme mover 4 so as to be driven syn 
only in the regular direction from the suction side to the chronously. , ^ q „i c k-charging 

LnlerysideduringahighpressuredeUveryofasmaU A pump body 6 u ^P^^^dahigh pres- 
amount of working fluid carried out at and above the plunger chamber ^« »«f *™ diameter aid Siese 
predetermined qufck-charging interruption pressure^ sure ^r^^o^ J^o^S^d vertically 
communication holes being provided m a peripheral 55 which are adapted to be ^^r^L the quick . 
w^S of the high pressure plunger cham^ to c^rnmun,. £ k^Sria ouick- 

cate the quick-charging plunger chamber to the down- charging ^«°£ZudZ ShM vertically sUdably 
stream side of the suction passage thereof. cha rguig R ^f™~ n ^ rbva ^ taKpacking 9. Within 

^k<h^ plm8"f^«■ '^ < 'J' , "^; 65 H £« %™« mov t , 4 comprte . I—* P«»» 
bit » omit ut m Itmovjis mo" '"^ J"f JKJ!' „,£; ibick hu » cyBndor 13 seouied to the upper 
p,u„ E5 , dumber u well .»» »ve the tune end lebor "g^^J" ™„ p Kd, « „J , pi«o» 13 teM verti- 
for operating the same. *~ 
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cally slidably and in an air-tight manner within the 
cylinder 12. The cylinder 12 is partitioned by the piston 
13 to an upper working chamber 14 and a lower spring 
chamber 15. When the working chamber 14 is supplied 
with pressurized air, the piston 13 is adapted to be 5 
driven downwardly against a return spring 16. Wnen 
the pressurized air is exhausted from the working 14, 
the piston 13 is adapted to be returned upwardly by the 
resilient force of the return spring 16. By repeating the 
alternation of air supply and air exhaust, the piston tt is 10 
reriprocatively driven. The quick-charging plunger 3a 
is connected to the piston 13 for both plungers 2a, 3a to 
be driven together vertically and reciprocatively. 

Plunger pumps 2, 3 are explained in greater detail ■ 
hereinafter. ' . ' 

A suction passage 19 of the quick-charging plunger 
chamber 7 is connected to be in communication with a 
fluid reservoir 43 through a strainer 47. At the inlet 
portion of the suction passage 19, there is provided a 
suction valve 20, and at a suction passage 21 for the high 20 
pressure plunger chamber 8, there is provided a high 
pressure suction valve 22. The suction passage 19 is 
connected to the quick-charging plunger chamber 7 
through a plurality of communication holes 26 provided 
in the peripheral wall of the high pressure plunger 25 
chamber 8. On the other hand, a quick-charging deliv- 
ery passage 23 of the quick-charging plunger chamber 7 
is connected to the suction passage 21 for the high pres- 
sure plunger chamber 8. A high pressure delivery valve 
25 is provided at the high pressure delivery passage 24 30 
of the chamber 8. To the downstream side of the high 
pressure delivery valve 25 is connected, a working 
chamber 46 of a pressure oil cylinder 45. 

A quick-charging interruption drain passage 28 is 
branched off through the communication holes 26 from 35 
the quick-charging plunger chamber 7 and is provided 
with an unloader valve 29. A pilot passage 30 is con- 
nected to the high pressure delivery passage 24 so asto 
control the unloading of the unloader valve 29. The 
unloader valve 29 has a cylindrical valve casing 33 40 
threadably secured onto a threaded aperture therefor in 
the peripheral wall of the pump body 6. A cylindrical 
piston 34 is put slidably and in an oil tight manner 
within the bore provided, in the valve casing 33 and the 
pump body 6, and is resiliently pushed toward the valve 45 
closing position by a valve closing spring 35 provided 
within the valve casing 33. One end of the pilot passage 
30 is connected to the bore for the piston 34 at an inter- 
mediate point in the axial range of the movement of 
piston. 34 so that the piston 34 can be pushed toward the 50 
valve opening position by the pressure from the high 
pressure delivery passage 24. 

Further, in the unloader passage 36 of the unloader 
valve 29, there is provided a check valve 38 for block- 
ing a counter-flow from the fluid reservoir 48. The 55 
check valve 38 has a spherical valve body 39 which is 
resiliently pushed toward the valve closing position by 
a push spring 41 through a holder 40 within a cylindri- 
cal hole provided in the piston 34. The opposite por- 
tions of the bore for the piston 34 are connected in 60 
communication with each other through a flow passage 
40a formed in the holder 40. In FIG. 3, the symbol 42 
indicates an air vent valve which is adapted to be oper- 
ated manually so as to remove air at the commencement 
of the utilization of the plunger pump system 1 and 65 
comprises a valve body 43 and a screw plug 44. 

The functions of the present invention arc summa- 
rized hereinafter. 



(1) During the non-operation of the plunger pump 1, 
air tends to gather and remain within the high pressure 
plunger chamber 8. 

At the low pressure delivery operation of the plunger 
pump system 1 after its starting, a large amount of 
working oil is delivered from the quick-charging 
plunger chamber 7 to the high pressure plunger chant- 
ber 8 and the air that has remained within the high 
pressure plunger chamber 8 is removed automatically 
by this large amount of the working oil flowing in. As a 
result, the delivery performance of the high pressure 
plunger pump 2 is not adversely affected by the air and 
the pressure of the working oil is increased powerfully. 

(2) During the high pressure delivery of a small 
amount of working oil, air tends to intrude into the 
quick-charging plunger chamber 7 which is kept at a 
relatively low pressure. 

Since the air intruded thereinto is removed automati- 
cally by the working oil circulated in the regular direc- 
tion within the quick-charging plunger chamber 7, this 
air does not remain within the chamber 7. As a result, 
the pressure of the working oil is increased powerfully 
even at an early stage of the next starting of the pump 

system 1. _ n 

(3) During the high pressure delivery of a small 
amount of the oil, since the working oil is adapted to 
pass through the quick-charging plunger chamber 7 
only in the regular direction, any foreign bodies mixed 
with the working oil within the working oil reservoir 48 
are not conveyed into the the quick-charging plunger 
chamber 7 through the quick-charging interruption 
drain passage 28. Therefore, such foreign bodies are 
prevented from getting in between the slide surfaces of 
the quick-charging plunger 3a and the high pressure 
plunger 2a, and this helps to keep the slide surfaces 
smooth and to solve such problems as pressure leakage 
and an increase of slide resistance. 

Incidentally, as for the prime mover 4 in the above- 
mentioned embodiment, the pneumatic piston engine 
may be replaced with a pressurized oil type engine, and 
an internal combustion engine or the like. 

Further, the check valve 38 may be disposed at the 
quick-charging interruption drain passage 28 or at both 
passages 28, 36 respectively, instead of at the unloader 
passage 36 of the unloader valve 29. 

Instead of oil, other kinds of fluid such as water may 
be utilized as the working fluid. 

I claim: . 
1. A plunger pump system of a quick pressure-rise 

type, comprising: 
a high pressure plunger pump with a high pressure 

plunger; . , . 

a quick-charging plunger pump with a quick-charg- 
ing plunger, both of said plungers being connected 
interlockingly to one prime mover so as to be 
driven synchronously; 
an unloader valve, provided in a quick-charging in- 
terruption drain passage connected to a quick- 
charging plunger chamber of the quick-charging 
plunger pump; 
a pilot passage for facilitating control of said unloader 
valve connected to a high pressure delivery pas- 
sage of a high pressure plunger chamber of the high 
pressure plunger pump, said unloader valve being 
kept closed while a substantial amount of working 
fluid is delivered under a low pressure from both 
the quick-charging plunger chamber and the high 
pressure plunger chamber until the pressure in the 
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high pressure delivery passage increases to a prede- 
termined quick-charging «««^ 
with both of said plungers driven synchronously 
by the prime mover, the unloader valve , bang 
ooened and the quick-charging plunger ^chamber 
being unloaded when the pressure in the high pres- 
sure delivery passage increases to said predeter- 
mined quick-charging interruption pressure so that 
a small amount of working fluid is delivered under 
a high pressure only from the high pressure 
plunfer chamber, a quick-charging dehvery ^pas- 
sage of said quick-charging plunger chamber being 
connected to a suction passage of said high pres- 
sure plunger chamber so that the working fluid 
delivered from the quick-charging plunger cham- 
ber passes through the high pressure plunger cham- 
ber during a low pressure delivery of a large 
amount of working fluid carried out below the 
predetermined quick charging interruption pres- 

a chelk^ve being provided in said quick-charging 
interruption drain passage and an unload passage of 
said unloader valve so that the working fluid passes 
through the quick-charging plunger chamber only 
in the regular direction from the suction side to the 25 
delivery side during a high pressure delivery of a 
small amount of working fluid earned out at and 
above the predetermined quick-chargmg mterrup- 



10 



15 



20 



tion pressure wherein communication holes are 
provided in a peripheral wall of the high pressure 
plunger chamber so as to communicate the quick- 
charging plunger chamber to the downstream side 
of the suction passage thereof. . 

2. A plunger pump system as recited in claim l, 

W ^check valve b provided in the unload passage of 
the unloader valve. _ . 

3. A plunger pump system as recited in claim l, 

W ^Xe casing of the unloader valve is secured onto a 
pump body of the plunger pump system, a cylindn. 
cal piston is located within the valve casing slid- 
ably and in an oil-tight manner and is resiliency 
pushed toward a valve closing position by a valve 
closing spring, and a valve face of the unloader 
valve is formed by a valve body of the check valve 
provided within the cylindrical hole of the cylin- 
drical piston. . . 

4. A plunger pump system as recited in claim 1, 

wherein: 

the prime mover comprises a pneumatic piston engine 
of which piston is interlockingly coupled to the 
quick-charging plunger of the quick-charging 
plunger pump. 
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